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Abstract: Antimicrobial resistance (AMR) is a global health concern and the inappropriate use of 21 
antibiotics in animals and humans are considered contributing factors. A cross-sectional survey to 22 
assess the knowledge, attitudes and practices of veterinarians regarding AMR and antimicrobial 23 
stewardship was conducted in Nigeria. A total of 241 respondents completed an online survey. Only 24 
21% of respondents correctly defined the term antimicrobial stewardship and 59.8% were unaware 25 
of the guidelines provided by the Nigeria AMR National Action Plan. Over half (51%) of 26 
respondents indicated that prophylactic antibiotic use was appropriate when farm biosecurity was 27 
poor. Only 20% of the respondents conducted antimicrobial susceptibility testing (AST) frequently, 28 
and the unavailability of veterinary laboratory services (82%) and the owner’s inability to pay (72%) 29 
were reported as key barriers to conducting AST. The study findings suggest a focus on the 30 
following areas of potential intervention may be useful in improving appropriate antibiotic use and 31 
antimicrobial stewardship among veterinarians in Nigeria: increased awareness of responsible 32 
antimicrobial use among practicing and new graduated veterinarians, increased dissemination of 33 
regularly updated antibiotic use guidelines, increased understanding of the role of good biosecurity 34 
and vaccination practices in disease prevention, and increased provision of AST at affordable costs.  35 
 36 
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1. Introduction 44 
Resistance to antimicrobials is rising worldwide, threatening our ability to treat common 45 
infectious diseases of humans and animals [1]. The direct consequences of infection with resistant 46 
microorganisms can be severe, including longer and more severe illnesses, increased mortality, 47 
prolonged stays in hospital, increased rates of therapeutic failure resulting in loss of protection for 48 
patients undergoing operations and other medical procedures, and increased healthcare costs [2]. The 49 
overuse and misuse of antibiotics in humans and animals has been linked to the emergence of 50 
antimicrobial resistance (AMR) in animals and the environment [1,3-7]. In livestock farming, 51 
antibiotics are used for prophylaxis, metaphylaxis (the treatment of a group of animals after the 52 
diagnosis of infection and/or clinical disease in part of the group), growth promotion, or 53 
therapeutically (to individual and/or groups of animals), to maintain health and increase 54 
productivity. Interaction between animals, humans and the environment promote the transfer of 55 
resistant genes across different species, making AMR an important One Health challenge emerging 56 
on a global scale [3-6,8]. With the dwindling repertoire of antibiotic options available for the control 57 
of emerging, life-threatening and multi-drug resistant bacteria there is need for proper antibiotic 58 
stewardship to preserve the efficacy of existing antibiotics [9].  59 
 60 
Antibiotic stewardship programs can play an important role in improving prescribing and 61 
optimizing the use of antibiotics [10-14]. In the human sector, which has made significant strides in 62 
this area, antibiotic stewardship programs are defined as hospital-based programs dedicated to 63 
improving antibiotic use [15]. These programs increase infection cure rates while reducing treatment 64 
failures, adverse effects, hospital costs and lengths of stay, and antibiotic resistance [14,16,17]. 65 
Considering the potential benefits of antibiotic stewardship programs, the World Health 66 
Organization (WHO) strongly recommends that governments implement them for the containment 67 
of AMR [18]. Therefore, it is imperative that governments implement tailored interventions to 68 
encourage antimicrobial stewardship among healthcare professionals [19]. Beyond stewardship 69 
programmes, strategies to tackle other related challenges also need to be considered.  70 
 71 
In most sub-Saharan African countries, surveillance programmes for antibiotic use and AMR in 72 
humans and animals are either lacking or are in their infancy, and the human and animal healthcare 73 
sectors at the government or ministry levels tend to work in silos, resulting in a lack of intersectoral 74 
collaboration. Furthermore, in Nigeria, the lack of regulation of existing veterinary drug markets and 75 
low involvement of pharmacists [20] and veterinarians in the formal drug distribution market [21], 76 
may contribute to the issue of substandard drugs in the market place. In 2018, the Director General 77 
of the Nigeria National Agency for Food and Drug Administration and Control (NAFDAC) held a 78 
town hall meeting with all players in the livestock industry including practicing veterinarians and 79 
manufacturers and suppliers of veterinary medicines, and at the meeting announced the ban of use 80 
of some antimicrobials and growth promoters in livestock as part of efforts to control AMR and to 81 
support the One Health triad [22]. The banned antimicrobials and growth promoters included 82 
Chloramphenicol, Furazolidone, Metronidazole, Nitrofuran, and Carbadox [22]. To address AMR in 83 
both humans and animals in sub-Saharan African countries, strong multidisciplinary collaborations 84 
are needed; however, these are lacking because of poor One Health coordination of animal and 85 
human national disease surveillance systems [23]. 86 
 87 
In 2017, the Nigerian Federal Ministry of Agriculture and Rural Development (FMARD), Federal 88 
Ministry of Environment and Federal Ministry of Health developed a National Action Plan (NAP) 89 
for Antimicrobial Resistance (the Nigeria Center for Disease Control’s 5-point action plan) as part of 90 
the country efforts to address the problem of AMR and to promote the responsible use of 91 
antimicrobials through a One Health approach [23]. Veterinary surgeons are typically responsible for 92 
prescribing and overseeing antimicrobial use in animals. Therefore, the role of the veterinarian in 93 
tackling AMR cannot be over-emphasized, as they are the custodians of antimicrobials used in animal 94 
health [24] and food production. In Nigeria, regulatory authorities like NAFDAC and the Nigeria 95 
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Centre for Disease Control (NCDC) are involved in creating awareness among veterinarians and 96 
veterinary students on the challenge of AMR through campaigns convened by the Veterinary Council 97 
of Nigeria (VCN) and the umbrella association for veterinarians in Nigeria, the Nigeria Veterinary 98 
Medical Association (NVMA).  99 
 100 
Despite the potential negative impact of AMR on animal and public health, there remains a 101 
paucity of data concerning the awareness of this problem in sub-Saharan countries [25]. The attitudes 102 
of veterinarians towards antibiotic use and determinants influencing prescribing behavior of 103 
veterinarians have been investigated elsewhere [26-29]. In Nigeria, a few studies have explored the 104 
knowledge, attitude and practices of veterinarians towards antibiotic use, resistance and 105 
stewardship. A previous study by Anyanwu and Kolade reported that knowledge about antibiotic 106 
stewardship among veterinarians was as low as 21.4% [30]. However, this study was limited to Enugu 107 
State and used a non-probability sampling technique, which affected the generalizability of the study 108 
findings [30]. A recent study that involved only veterinary students reported that 60% of respondents 109 
had unsatisfactory knowledge scores for AMR [31]. To expand on the knowledge base in this area 110 
and to inform the development of interventions to promote responsible antibiotic use, a nationwide 111 
study of veterinarians in Nigeria was conducted. The objective of this study was to assess the 112 
knowledge, attitudes and practices towards AMR and antimicrobial stewardship and to identify 113 
factors that influence antibiotic prescribing practices of veterinarians in Nigeria. 114 
2. Results 115 
The survey was sent to 5,603 participants; there were 488 responses, corresponding to a response 116 
rate of 13%. Out of the 488, six did not consent, 59 consented but did not start or attempt the survey, 117 
while 128 consented and attempted but did not complete the survey. Thus, 241 respondents 118 
consented and completed the survey.  119 
 120 
2.1. Demographic information 121 
Most of the respondents were male (79.7%, 192/241) and almost half were aged 25-34 years 122 
(48.1%, 116/241) (Table 1). A majority of respondents reported having a veterinary degree (63.1%, 123 
152/241) as the highest educational qualification. More than a third of respondents had been 124 
registered as a veterinarian for 0-5 years (36.1%, 87/241). Mixed practice (defined as any combination 125 
of small, large, poultry or other type of practice) was the most frequently reported type of practice 126 
(63.5%, 153/241). Five percent of respondents, (5.4%, 13/241) did not practice. Most of the respondents 127 
were employed in private practice (38.2%, 92/241). 128 
 129 
Table 1. Demographics of respondents   130 
Variable Response Frequency 
(n=241) 
Percentage 
(%) 
Gender Female 49 20.3 
Male 192 79.7 
Age group 18-24 years old 1 0.4 
25-34 years old 116 48.1 
35-44 years old 85 35.3 
45-54 years old 27 11.2 
55-64 years old 12 5.0 
65 years and above 0 0 
Prefer not to say 0 0 
University of 
training 
Ahmadu Bello University (ABU), Zaria 69 28.6 
University of Maiduguiri 60 24.9 
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University of Nigeria Nsukka (UNN) 31 12.9 
Usmanu Danfodiyo University, Sokoto (UDUS) 27 11.2 
University of Ibadan (UI), Ibadan 27 11.2 
Federal University of Agriculture Makurdi (FUAM) 9 3.7 
Federal University of Agriculture, Abeokuta 
(FUNAAB) 
8 3.3 
Other 8 3.3 
University of Abuja 2 0.8 
Highest level of 
education 
Veterinary degree (DVM, etc) 152 63.1 
MSc/MPH 61 25.3 
Fellow, College of Veterinary Surgeon (FCVS) 6 2.5 
PhD 16 6.6 
Other 6 2.5 
Type of employment Private practice 92 38.2 
Government employee 75 31.1 
Teaching 25 10.4 
Non-governmental organisation employee 22 9.1 
Research 15 6.2 
Other 12 5.0 
Years registered as a 
vet surgeon 
0-<5 years 87 36.1 
5-10 years 75 31.1 
10-15 years 30 12.4 
15-20 years 18 7.5 
21 and above 28 11.6 
Prefer not to say 3 1.2 
Type of veterinary 
practice* 
 
Mixed practice (large, small or exotic animals) 97 40.2 
Poultry practice (chicken, turkey) 94 39.0 
Small animal practice (dogs, cats, rabbits) 87 36.1 
Large animal practice (cattle, horse, goat, sheep, pig) 75 31.1 
Fish practice 29 12.0 
Do not practice 15 6.2 
Other practice 11 4.6 
Exotics practice (parrots, tortoise, snakes, etc) 8 3.3 
Wildlife practice (wild animals) 6 2.5 
Location of 
veterinary practice 
by geopolitical zone 
North-Central 69 28.6 
North-West 49 20.3 
North-East 46 19.1 
South-West 39 16.2 
South-East 21 8.7 
South-South 17 7.1 
* The results for this variable are presented as row percentages instead of column percentages, as 131 
such the column percentages for this variable do not add up to 100%. 132 
 133 
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Half of the participants were either in the North Central zone (29%, 71/241), or in the North West 134 
(21%, 50/241) (Table 1). The lowest number of respondents was recorded in the South zone (7%, 135 
17/241). The distribution of respondents based on location of vet practice within Nigeria’s 37 States 136 
indicated that the Federal Capital Territory, Abuja had the highest number of respondents (13.7%, 137 
33/241) followed by Kaduna State (10%, 24/241) and Borno State (7.1%, 17/241) (Figure 1). Yobe and 138 
Nasarawa States were the only two states without any respondents. 139 
 140 
 141 
Figure 1. Distribution of survey respondents based on reported location of veterinary practice 142 
by state in Nigeria. 143 
 144 
2.2. Knowledge 145 
Eighty-nine (36%) of the 241 respondents had heard of the term antimicrobial stewardship and 146 
of these, 69% (61/89) were able to correctly define antimicrobial stewardship (Table A1). Most of the 147 
respondents (81.7%, 197/241) were able to differentiate between an antibiotic and an antimicrobial 148 
agent. Most of the respondents were aware that antibiotics kill both commensal and pathogenic 149 
bacteria (91.3%, 220/241) and 94.6% (228/241) knew that overuse of antibiotics renders them 150 
ineffective. Most respondents were aware that antibiotics do not kill viruses (93.4%, 225/241) and all 151 
respondents were aware that bacteria can become resistant to antibiotics. Many respondents (93.4%, 152 
225/241) were aware that there was a need to observe withdrawal periods before consuming milk 153 
from cows treated with antibiotics, and 97.9% (236/241) were aware that a withdrawal period is 154 
necessary before treated poultry can be considered fit for human consumption.  155 
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 156 
More than half of respondents (59.8%, 144/241) had not heard of or read the Nigeria Center for 157 
Disease Control 5-point action plan for responsible use of antimicrobials. When asked what topics 158 
they would like to receive more information on, 75.5% (182/241) of the respondents selected “links 159 
between the health of humans, animals and the environment”, and 55.6% (134/241) chose “microbial 160 
culture and sensitivity testing” (Table A1).  161 
 162 
2.3. Attitude 163 
All but one (99.6%, 240/241) of the respondents believed that veterinarians have a role to play in 164 
preventing public health threats posed by AMR (Table A2). Respondents were asked to indicate if 165 
they considered the following as important global challenges and the most frequently reported 166 
challenges were: AMR (80.9%, 195/241), food security (74.5%, 180/241) and climate change (60.9%, 167 
146/241). Most respondents (97.9%, 233/238) thought AMR was a national problem in Nigeria, and 168 
96.1% (223/232) of respondents believed AMR will be a greater problem in veterinary practice in the 169 
future than it is today. Note the denominators used to calculate the above two percentages, and in 170 
the sections below (where relevant), do not add up to 241 because they exclude ‘unknown’ responses 171 
(Table A2). 172 
 173 
Many of the respondents considered the excessive use of antibiotics in livestock (83.8%, 202/241) 174 
and under dosing of antibiotics (78.8%, 185/241) as the most important potential contributors to 175 
development of AMR (Table A3). Most of the respondents agreed that prescribing unnecessary 176 
antibiotics was professionally unethical (97.5%, 234/240) and 78.2% (172/220) believed the antibiotics 177 
they prescribe may contribute to AMR (Table A2). Most respondents (99.2%, 237/239) agreed with 178 
the statement ‘biosecurity was important in food production’ and 28.2% (68/241) considered poor 179 
biosecurity practices as a contributor to AMR development. Of concern was that over half of the 180 
respondents (56%, 112/200) agreed with the statement prophylactic antibiotics are an appropriate 181 
alternative to protect animal health when there is poor biosecurity. Almost half of the respondents 182 
(42.3%, 102/219) indicated they lacked enough knowledge on antibiotic use while 28.9% (59/204) 183 
believed there were not enough antibiotics under development to combat the problem of resistance 184 
(Table A2).  185 
 186 
2.4. Practices influencing antibiotic use 187 
A total of 132/220 (60%) of the respondents reported that they frequently encountered animal 188 
owners who had already initiated antibiotic treatment without veterinary supervision (Table A4). 189 
Note the denominators used to calculate the percentages for some variables in this section (where 190 
relevant) do not add up to 241 because they exclude ‘don’t know’ responses (Table A4). 191 
 192 
More than half of the respondents (68.4%, 154/225) reported that their practice had a 193 
standardized protocol for the treatment of sick animals (Table A4). When asked what guidelines were 194 
followed to help select the appropriate antibiotic when a patient was presented for the first time, 195 
53.1% (128/241) of respondents reported using microbiological culture and antimicrobial 196 
susceptibility testing (AST) for guidance. More than a half of the respondents (59.8%, 144/241) 197 
indicated that they administered empirical treatment while awaiting AST results. A small proportion 198 
(14.5%, 35/241) reported selecting antibiotics based on what the client could afford.  199 
 200 
With regards to frequency of AST use before starting antibiotic treatment, 48.7% (112/230) of 201 
respondents used AST at a frequency of 1-3 times in a month while only 21.3% (49/230) used AST 202 
more than 3 times a month. Over a quarter of the respondents (30%, 69/230) never conducted AST 203 
(Table A5). 204 
 205 
Most respondents (75.5%, 182/241) indicated that poor response to initial antibiotic treatment or 206 
treatment failure influenced the veterinarians’ decision to request AST. Other reported drivers for 207 
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AST use included recurrent health conditions (70.5%, 170/241), having no knowledge of the animal 208 
or farm’s health history (26.6%, 64/241) and owner request (18.3%, 44/241) (Table A5). When asked 209 
what were the most important barriers to the use of AST, the majority of respondents selected 210 
unavailability of laboratory services (82.2%, 198/241), followed by owners’ inability to pay for AST 211 
tests (71.8%, 173/241), urgent need for antibiotic therapy (56.8%, 137/241), long waiting time for AST 212 
results (35.3%, 85/241) and uncertainty of what to request from the lab to guide antibiotic selection 213 
(3.3%, 8/241) (Table A5).  214 
 215 
The cost of antibiotics (80.9%, 195/241) and owners’ ability to pay (81.3%, 196/241) were reported 216 
to influence the respondent’s decision when selecting antibiotics. Other cost related influences 217 
included: expected profit margin to the veterinarian (27.4%, 66/241), marketing offers (16.6%, 40/241), 218 
adverts by pharmaceutical company representatives (12.9%, 31/241) and medicine sellers (8.3%, 219 
20/241) (Table A6).  220 
 221 
When asked what antibiotic characteristics had the most influence upon the veterinarian’s 222 
selection of antibiotics, 85.5% (206/241) of respondents reported the antibiotic’s spectrum of activity, 223 
63.1% (152/241) reported AST results, 50.6% (122/241) reported withdrawal period, 44.4% (107/241) 224 
reported the ease of administration and 43.2% (104/241) reported the risk of development of AMR 225 
(Table A6). Other reported factors that influenced veterinarians’ decision to select antibiotics were 226 
veterinarians’ previous experience (96.3%, 232/241), advice from colleagues (68%, 164/241) and owner 227 
preference for a specific antibiotic (9.5%, 23/241) (Table A6).  228 
 229 
Finally, when asked what sources of information influenced the veterinarians’ decision the most 230 
when selecting an antibiotic to use, 79.3% (191/241) of respondents indicated veterinary education 231 
and training, followed by prescription guidelines or policies supplied by veterinary hospital or bodies 232 
(68.9%, 166/241), product labels or leaflets (64.3%, 155/241), legal restriction of drug to a defined 233 
species (38.6%, 93/241) and published scientific literature (35.3%, 85/241) (Table A6). 234 
 235 
2.5. Relationship between the use of AST before antibiotic treatment and select investigated parameters 236 
The relationship between the ‘use of AST before antibiotic treatment’ and nine selected variables 237 
was assessed (Table A7). The analyses included 230 respondents that responded to the variable ‘use 238 
of AST before antibiotic treatment’ and excluded respondents that answered, ‘don’t know’ (n=11). 239 
The proportion of respondents that reported the ‘use of AST before antibiotic treatment’ was 240 
significantly different across the response levels for the following variables: years in practice (P = 241 
0.049), knowledge of correct definition of antimicrobial stewardship (P = 0.032), knowledge of NCDC 242 
5 points (P = 0.003), agreement with the statement that prophylactic use of antibiotics when farm 243 
biosecurity is poor is inappropriate (P = 0.029), and having a standard antibiotic treatment protocol 244 
in the veterinary practice (P = <0.001) (Table A7).  245 
 246 
2.6. Relationship between knowledge level of appropriate antibiotic use and AMR and select investigated 247 
parameters 248 
The relationship between ‘knowledge level on appropriate antibiotic use and AMR’ and selected 249 
variables was assessed (Table A8). The analyses included 240 respondents that responded to the 250 
variable ‘knowledge level on appropriate antibiotic use and AMR’ (assigned to the category ‘high 251 
knowledge’ or ‘low to moderate knowledge’) and excluded one respondent that was assigned a 252 
knowledge score of zero because had provided no correct answer. The proportion of respondents 253 
with high knowledge was significantly different across the response levels for the following 254 
variables: age group (P = 0.024), education level (P = 0.024), and agreement with the statement that 255 
prophylactic use of antibiotics when farm biosecurity is poor is inappropriate (P = < 0.001) (Table A8).  256 
 257 
3. Discussion 258 
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The current study assessed the knowledge, attitudes, and practices towards AMR and 259 
antimicrobial stewardship of veterinary professionals in Nigeria. To the best of our knowledge, this 260 
is the first nationwide baseline study on the subject. Most of the veterinarians in the current study 261 
were between 25 and 44 years old, which probably explains why over 67% of respondents were 262 
within 10 years of being registered veterinary surgeons. Most of the respondents were private or 263 
government practitioners (69%), followed by teaching (10.4%) and non-governmental organization 264 
employees (9.1%); these results likely reflect the distribution of veterinarian employment in Nigeria. 265 
 266 
Sixty three percent of the respondents were familiar with the term antimicrobial stewardship, 267 
compared to 17% reported in a similar study conducted in Enugu State, Nigeria [30]. The reasons for 268 
the observed differences are not clear but the current study can be considered more representative 269 
because it targeted participants across the country. However, our study highlights that there is still 270 
inadequate awareness of the concept of antimicrobial stewardship among veterinarians. Our study 271 
findings also revealed that the proportion of respondents who used AST before antibiotics 272 
administration varied among respondents who correctly or incorrectly defined antimicrobial 273 
stewardship. This finding suggests that educational strategies aimed at increasing awareness of 274 
antimicrobial stewardship among practicing and new veterinarians both at the practice and 275 
veterinary school levels may be helpful in promoting the responsible use of antibiotics.   276 
 277 
Although most respondents reported that antibiotic resistance occurred in bacteria (98%) and 278 
could differentiate between an antibiotic and an antimicrobial (82%), a small percentage of 279 
respondents (4%) reported that antibiotics kill viruses, suggesting this proportion of respondents 280 
may prescribe antibiotics for viral infections. In comparison, 1% of student healthcare professionals 281 
(human and animal health students) surveyed in the United Kingdom thought antibiotics killed 282 
viruses [32], suggesting that study population may have been more knowledgeable on this aspect 283 
compared to our study population. Additionally, in our study, a small percentage of respondents 284 
(6%) reported that a withdrawal period of antibiotics-treated animals is not necessary before milk 285 
consumption. Failure to observe appropriate withdrawal periods following antibiotic treatment may 286 
result in the introduction of antibiotic residues in animal foods consumed by humans [33,34]. The 287 
failure to observe appropriate withdrawal periods has potential human health implications including 288 
the development of drug-related allergy and hypersensitivity reactions, especially with beta lactam 289 
antibiotics and penicillins [35], and the risk of development of AMR [36,37].  290 
 291 
Although most respondents knew that biosecurity is important in food production, this study 292 
highlighted a misconception regarding the link between biosecurity and antibiotic use. Over half of 293 
the respondents thought that prophylactic antibiotic use was appropriate in situations where 294 
biosecurity was poor. The reliance on antibiotics when biosecurity practices are poor has been 295 
reported in other studies [38]. Antibiotics can be an integral part of disease preventive methods but 296 
should be used only when indicated; they should not be used as the first line of action [39] or as a 297 
substitute for poor biosecurity practices [40]. Prophylactic and metaphylactic use of antibiotics 298 
administered to animal groups through water and feed may lead to increased environmental 299 
concentration of antibiotic residues which can in turn result in exposure of animals and humans alike 300 
and elevate the risk of AMR development [41,42]. Based on the current study findings there is a need 301 
for improved understanding among veterinarians of the role of biosecurity practices in preventing 302 
and minimizing the risk of infections and reducing the overuse of antibiotics. Biosecurity practices 303 
are a key component of animal husbandry and disease prevention measures that can be implemented 304 
to improve animal health and welfare, and to reduce the need to use antimicrobials [43].  305 
 306 
This study showed that the proportion of respondents with a high knowledge score varied with 307 
age group and education level. Although not conclusively established in the current study, this 308 
suggests that it is possible that older respondents and those with additional training to a veterinary 309 
degree may have a higher knowledge of appropriate antibiotic use and AMR or that the observed 310 
Antibiotics 2020, 9, x FOR PEER REVIEW 9 of 16 
differences may be linked to work experiences accrued over time. Further investigation and 311 
understanding of the perceptions and barriers to responsible use of antibiotics among this 312 
subpopulation would help inform educational efforts.  313 
 314 
More than half of the respondents’ practices had a standard protocol for the treatment of sick 315 
animals to ensure the correct dosages and regimes and thus to reduce the risk of adverse drug 316 
reactions or drug toxicity in the animals. Additionally, the proportion of respondents that reported 317 
the use of AST before antibiotic treatment was higher among those with a standard treatment 318 
protocol compared to those without. The observed relationship suggests having a standard treatment 319 
protocol may contribute to good antimicrobial stewardship. In the human sector, the use of standard 320 
treatment guidelines is considered an effective means of improving patient care while enhancing cost 321 
savings and changing behavior [44]. The treatment guidelines also reflect data on antimicrobial 322 
resistance, recognizing that local patterns of resistance often differ across geographical regions [44]. 323 
In the context of the animal health sector in Nigeria, strategies that consider up to-date antimicrobial 324 
stewardship guidelines may be helpful in promoting appropriate antibiotic use among veterinary 325 
professionals.  326 
 327 
Over half of the respondents (53%) reported conducting microbiological culture and AST before 328 
starting treatment, which is higher than the 24% reported in a study conducted in Enugu State, 329 
Nigeria [30], and the 38% reported among veterinarians in Europe [45]. The reason for these 330 
differences is not clear but may be related to regional differences in the level of awareness of the need 331 
to conduct microbiological culture and AST before starting antibiotic treatment or reporting bias 332 
which can occur in questionnaire-based studies. However, when asked specifically how often AST 333 
was requested before starting antibiotic treatment, only 20% of respondents reported requesting AST 334 
frequently (more than three times a month) and a third of the respondents never conducted or 335 
requested AST before commencing treatment. The observed drop from 53% to 20% may also be 336 
explained by reporting bias. Nevertheless, these findings suggest a considerable number of 337 
veterinary professionals do not use AST. There is need to examine the reasons for the low AST use 338 
and identify appropriate interventions.   339 
 340 
The respondents in the current study reported that poor response to initial antibiotic treatment 341 
(76%) and conditions that recur (71%) were the main factors that influenced their decision to conduct 342 
AST, but a lack of information on the animal or farm’s health status, and owner requests were also 343 
influences, consistent with the findings from a study conducted in Europe [45]. The findings suggest 344 
having structured and up-to-date antibiotic use guidelines at the practice level, having access to 345 
rapid, cheap diagnostic tools and being able to handle clients’ expectations through effective 346 
communication may be helpful in providing guidance to veterinary professionals. 347 
 348 
Several barriers to the use of AST were reported in this study. The unavailability of laboratory 349 
services and owner’s inability to pay were reported as key barriers to the use of AST. The owner’s 350 
inability to pay is a major concern because it limits the options available for a veterinarian in making 351 
decisions that allow for an appropriate diagnosis and treatment and may subsequently negatively 352 
influence the veterinarian’s decisions and choices regarding antibiotic use. Strategies that explore 353 
ways to increase availability of veterinary laboratory services across the country and the provision of 354 
AST at affordable costs are necessary. Additionally, respondents reported there is often an urgent 355 
need to administer antibiotics due to the acute onset of severe clinical signs. This is an accepted 356 
practice when antibiotics are urgently needed to counteract the disease progression and when delays 357 
in administering the therapy can lead to a poor outcome [46]. Nonetheless, veterinarians should take 358 
several factors into account to inform their decision on a sound empirical therapy: records from 359 
previous AST results in the local area if available, information on local patterns of bacterial resistance 360 
if available, previous patient cultural and AST results, the suspected anatomic site affected by 361 
infection and etiologic pathogen [47]. The records from previous AST results in the local area and 362 
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information on local patterns of bacterial resistance were unlikely to be available in the context of 363 
Nigeria, emphasizing the need for a national integrated AMR surveillance programme, as identified 364 
by the Nigeria National Action Plan for Antimicrobial Resistance [23]. The empirical antibiotic 365 
treatment should not prevent from submitting samples for AST but instead be considered a 366 
temporary intervention while waiting for AST results that will inform the final, targeted, antibiotic 367 
treatment [46].  368 
 369 
Veterinary education or training followed by prescription guidelines and policies were the most 370 
frequently selected parameters that influence a veterinarian’s decision to select antibiotics. These 371 
findings suggest the veterinary curriculum may be a useful means to provide training on appropriate 372 
antibiotic use and selection. For example, in the fourth year of study, veterinary students in Nigeria 373 
undertake a course in pharmacology and therapeutics, which involves instruction on the types of 374 
veterinary pharmacological products and prescription practices. Furthermore, a relationship was 375 
observed between having additional education or training on AMR and knowledge of appropriate 376 
antibiotic use. Veterinary education or training may present an opportunity to expand and strengthen 377 
knowledge on appropriate antibiotic use practices and antimicrobial stewardship, if included in the 378 
training curriculum for new animal health professionals. Veterinary education or training also 379 
provides an opportunity for practicing veterinarians to update their knowledge, as prescription 380 
practices and protocols change over time. 381 
 382 
The finding of antibiotic prescription guidelines as one of the most frequently selected 383 
parameters that influence a veterinarian’s decision to select antibiotics suggests there is need for 384 
updated and increased dissemination and uptake of antibiotic guidelines. The Nigerian Veterinary 385 
formulary [48], provided by the Veterinary Council of Nigeria (VCN) to guide the prescription and 386 
administration of veterinary pharmaceuticals in different animal species was produced in 2007 and 387 
has not been updated since. In the present study, less than half of the respondents were aware of the 388 
Nigeria Center for Disease Control (NCDC) 5-point agenda for AMR control, and a relationship was 389 
observed between awareness of the NCDC 5-point action plan and AST use. These findings suggest 390 
regular updating of the VCN guidelines combined with increased awareness of the NCDC 5-point 391 
action plan may be helpful in promoting antimicrobial stewardship among veterinary professionals.  392 
 393 
A concerning, but not surprising observation was that 86% of respondents reported 394 
encountering client-initiated antibiotic therapy without veterinary supervision. Even though the 395 
current regulatory policies in Nigeria require that only qualified veterinarians and para-vets can 396 
administer medications and treatment, livestock farmers can obtain and administer antibiotics 397 
without the requirement of a veterinarian’s prescription and this is most likely to occur without 398 
regard to antibiotic indication guidelines [49]. This highlights the need for education of not just the 399 
veterinary professionals but also the clients, veterinary drug sellers or shop keepers, pharmacies and 400 
farmers on appropriate antibiotic use and the risk of antibiotic misuse and AMR. In addition, 401 
government interventions such as the formulation and implementation of relevant policies and 402 
regulations may also be useful in improving appropriate antibiotic use and stewardship. 403 
 404 
The present study findings suggest that the proportion of respondents that used AST before 405 
antibiotic treatment varied with knowledge of antimicrobial stewardship, knowledge of NCDC 5 406 
points, and with agreement with the statement that prophylactic use of antibiotics is inappropriate 407 
when biosecurity is poor. These findings suggest that knowledge of antimicrobial stewardship, 408 
NCDC 5-points and prophylactic use of antibiotics may be related to appropriate antibiotic use. These 409 
areas could be targeted when developing strategies to improve antimicrobial stewardship and reduce 410 
AMR in veterinary practice in Nigeria. 411 
 412 
A few limitations were observed during the conduct of the current study. The response rate of 413 
the survey was low, and as such, study findings may not be generalizable to the whole of the country. 414 
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Nevertheless, the gaps identified can still be used to inform discussions by policy makers involved 415 
in the development of interventions targeting all veterinarians in Nigeria. The low response rate may 416 
have been due to several factors such as unwillingness to participate or lack of internet access in some 417 
parts of the country. There may also have been selection bias in the respondent population. For 418 
example, it is possible that respondents that completed the survey were more technologically astute 419 
or inclined. It could also be that these respondents had a special interest in the subject, hence their 420 
participation. Another potential limitation was social desirability bias which might have affected the 421 
nature of the responses provided; it’s possible that some respondents may have declined to share 422 
information they considered inappropriate or erroneous, resulting in an under-reporting of certain 423 
aspects on antibiotics and AMR knowledge and practices. Finally, it is important to note that the data 424 
analyses performed to assess relationships between selected variables in the current study were 425 
exploratory in nature and were not intended to be exhaustive, therefore, no additional inferential 426 
analyses such as logistics regression were conducted. 427 
 428 
4. Materials and Methods  429 
Ethical review and approval were granted by the Nigeria Ministry of Defense Health Research 430 
Ethics Committee, Abuja, via an ethics review application (Ethics approval number: 431 
MODHREC/APP/20/12/11/20/1/8/) and by the Research Integrity and Governance Office at the 432 
University of Surrey, United Kingdom (Response ID: 353003-352994-41119696). 433 
 434 
4.1. Study area 435 
Nigeria is the most populous nation located in west Africa, with an estimated population of 436 
approximately 202 million people [50]. Crude oil, agriculture and solid minerals are the mainstay of the 437 
economy. It has 37 states including the Federal Capital Territory, Abuja. There are three major tribes 438 
and about 250 ethnic groups. Nigeria has a tropical climate and two distinct weather seasons (rainy and 439 
dry seasons). To the north of the country is the Sahel climate, to the west is the tropical savannah while 440 
the south and east are characterized by tropical monsoon climates.   441 
 442 
4.2. Study population 443 
There are circa 8,000 registered veterinarians in Nigeria involved in livestock/large animal practice, 444 
small animal/companion animal practice, poultry practice, public health and academia (personal 445 
communication with Interim College secretary, College of Veterinary Surgeons, Nigeria). This study 446 
involved veterinarians registered with the Veterinary Council of Nigeria (VCN). For this study, a 447 
registered veterinarian was an individual who obtained certification from the VCN as a Doctor of 448 
Veterinary Medicine (DVM) upon completion of the six-year university degree programme in Nigeria. 449 
All registered veterinarians were pooled together irrespective of the type of practice.  450 
 451 
4.3. Study design 452 
This was a cross-sectional study; a questionnaire survey was designed and used to collect data on 453 
the knowledge and attitudes towards AMR and antimicrobial stewardship of veterinarians during 454 
January to February 2019.   455 
 456 
4.4. Sample size 457 
Sample size was estimated as described by Lwanga & Lemeshow 1990 [51] with prevalence of 458 
knowledge of antibiotic resistance set at 50% based on a previous study that investigated the veterinary 459 
drugs market in Nigeria [21] and the desired level of precision set at 0.02. The estimated calculated 460 
sample size was 2,400. A non-response rate of 30% was estimated because studies have shown response 461 
rates to web-based surveys are generally low [52] and assumed some respondents would have poor 462 
internet access or did not consent. The final estimated minimum sample size considering the non-463 
response rate was 3,120 respondents (2,400 x 1.3). 464 
 465 
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4.5. Data collection 466 
A questionnaire was developed and select questions from previous studies [32, 45] were adapted 467 
to collect data on demographics, knowledge, attitudes, practices towards antibiotic use and resistance, 468 
and awareness of antimicrobial stewardship (Supplementary material S1). The tool was pretested 469 
among ten veterinarians in Abuja and thereafter questions were further refined to produce the final 470 
survey. The final questionnaire was administered electronically using the Qualtrics® survey platform.  471 
 472 
The available list of 5,800 registered veterinarians in Nigeria were obtained from the VCN, which 473 
was more than the calculated minimum sample size of 3,120 respondents. A total of 5,603 with phone 474 
numbers were randomly selected from this pool of 5,800 using a table of random numbers. A link to 475 
the survey was sent via text messages to all the 5,603 contacts. Of the 5,603 contacts, 2,662 had email 476 
addresses on the VCN register, and the survey link was sent to them via email (in addition to the text 477 
message sent to all 5,603 contacts). The message inviting contacts to participate in the survey was 478 
endorsed by the Nigeria Center for Disease Control (NCDC) and Federal Ministry of Agriculture and 479 
Rural Development (FMARD). Further emails and SMS reminders were sent 2, 4 and 6 weeks after the 480 
initial message. The survey was made available online for 8 weeks between 2nd January to 28th 481 
February 2019.  482 
 483 
2.6. Data analysis 484 
Survey results were downloaded from Qualtrics® to Microsoft Excel. Data collected during the 485 
piloting of the survey were excluded from the final analysis. Descriptive statistics were used to 486 
summarize the data using R-Studio 1.2.1335.0.  487 
 488 
As part of the descriptive analysis, a scoring system was used to assess the knowledge level on 489 
antibiotic use and AMR. A set of nine survey questions on knowledge was selected, and for each 490 
question, a score of one point was assigned for each correct answer, with a maximum of nine points 491 
allowed (Table A9). One respondent providing no correct answer was assigned a score of zero. 492 
Respondents were further regrouped into two categories based on knowledge score; respondents 493 
scoring ≥ 7/9 points were assigned to the category ‘high knowledge’ and those scoring < 7/9 points were 494 
assigned to the category ‘low to moderate knowledge.’ 495 
 496 
Following the descriptive analysis, a bivariate analysis was performed using the Chi square test or 497 
Fisher’s exact test, as appropriate, to explore the relationship between two selected outcome variables 498 
and eleven selected variables. The outcome variables were: ‘the use of AST before antibiotic treatment’ 499 
and ‘knowledge level on appropriate antibiotic use and AMR.’ The relationships between these two 500 
outcome variables and the following 9 variables were assessed: age group of participants, gender, 501 
educational level, years in practice, type of practice, practice location, knowledge of the NCDC 5-point 502 
action plan for correct antibiotic use, prophylactic use of antibiotic when biosecurity is poor, and 503 
existing antibiotic treatment protocol in practice. Two further variables - the correct definition of 504 
antimicrobial stewardship and owner-initiated treatment were investigated for the outcome variable 505 
‘the use of AST before antibiotic treatment.’. Two additional variables were also investigated for the 506 
outcome variable ‘knowledge level on appropriate antibiotic use and AMR’: type of employment and 507 
knowledge of antimicrobial stewardship. A two-tailed P-value of ≤0.05 was considered statistically 508 
significant. It is important to note the association analyses were exploratory in nature, used selected 509 
variables and were not intended to be exhaustive, therefore, no advanced additional inferential analyses 510 
such as logistics regression were conducted.    511 
5. Conclusions 512 
Findings from this study provided baseline evidence on the knowledge, attitudes and practices 513 
regarding antibiotics use, AMR and antimicrobial stewardship among veterinarians across Nigeria. 514 
With respect to knowledge and attitudes on appropriate antibiotics use and AMR, there was little 515 
awareness of the concept of antimicrobial stewardship among veterinarians, and the role and use of 516 
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biosecurity and prophylactic antibiotic use in the prevention of infection was not well understood. 517 
There is need for increased understanding among veterinarians of how the use of biosecurity 518 
practices play a role in the prevention of infection, reducing the burden of disease in animal 519 
populations and, therefore, in reducing the need for and use of antibiotics. Education or training 520 
strategies aimed at increasing awareness of antimicrobial stewardship among practicing and new 521 
veterinarians at the practice and veterinary school levels may be helpful in promoting antimicrobial 522 
stewardship.  523 
  524 
Regarding practices and factors influencing antibiotic use, the use of AST to inform antibiotic 525 
treatment was low suggesting a need to further examine the reasons for this and identify appropriate 526 
interventions. The unavailability of laboratory services and the client’s inability to pay were reported 527 
as key barriers to AST use. Strategies that explore ways to increase availability of veterinary 528 
laboratory services across the country and the provision of AST at affordable costs are necessary.  529 
 530 
Veterinary education or training followed by prescription guidelines and policies were the most 531 
frequently selected parameters that influence a veterinarian’s decision to select antibiotics. The 532 
regular updating of the antibiotic prescription and use guidelines combined with increased 533 
awareness and dissemination among veterinarians may be helpful in promoting antimicrobial 534 
stewardship. And finally, the reported client-initiated antibiotic therapy was also a concern 535 
highlighting the need for education of not just the veterinary professionals, but also their clients and 536 
drug shop keepers on appropriate antibiotic use and stewardship.  537 
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material S1: Questionnaire.  539 
Author Contributions: Conceptualization, U.O.A., A.B.M., A.B.E., E.M., G.V.; methodology, U.O.A., E.G., 540 
A.B.E.; A.M., R.R.; software, E.G., A.B.E; formal analysis, U.O.A., E.G., A.B.E.; investigation, U.O.A., A.W.; 541 
writing—original draft preparation, U.O.A., E.G., A.E.; writing—review and editing, U.O.A., E.G., A.B.E., 542 
A.B.M., A.M., R.R., B.A., A.W., R.A., E.M., G.V., A.J.C.C.; supervision, A.B.E, A.J.C.C.; project administration, 543 
U.O.A., A.B.E; funding acquisition, A.J.C.C., G.V.  544 
Funding: This research work was delivered by the University of Surrey and funded by the Zoetis – Africa 545 
Livestock Productivity and Health Advancement (ALPHA) Initiative, co-funded by the Bill & Melinda Gates 546 
Foundation (BMGF) and Zoetis. Funding from Zoetis was an unrestricted grant. BMGF Grant number: 547 
OPP1165393.  548 
Acknowledgments: The authors would like to express their sincere gratitude to the following people for their 549 
support towards this research work. First, thank you to Tetiana Miroshnychenko of the Zoetis-ALPHA Initiative 550 
Zaventem team and Dr Isaac Odeyemi from Zoetis Outcomes Research team for guidance. We are grateful to 551 
the Veterinary Council of Nigeria who assisted with sharing of the survey and the Nigerian Center for Disease 552 
Control for supporting the study. We are also grateful to Adam Trish of the vHive team at the University of 553 
Surrey for administrative assistance, to Dr Ikenna Onuh of the Nigerian Field Epidemiology and Laboratory 554 
Training Programme and Pharmacist Estelle Mbadiwe of Ducit Blue Solutions for sharing insights on study 555 
implementation. And finally, the authors thank the veterinarians who spared their time to complete the 556 
questionnaire, without them, this study would not have been possible. 557 
Conflicts of Interest: This study was supported by the Zoetis – Africa Livestock Productivity and Health 558 
Advancement (ALPHA) Initiative, co-funded by the Bill & Melinda Gates Foundation and Zoetis. Funding from 559 
Zoetis was an unrestricted grant. The Zoetis team (E.M., G.V.) were involved in study conceptualization and 560 
writing of the manuscript. There are no potential areas of bias which may confer any advantage to Zoetis. 561 
Appendix 562 
Please see attachment for Tables A1-A6. The authors tried several times unsuccessfully to add the 563 
Tables A1-A6 to this template. Each time, Tables got distorted after transfer to the template, so a 564 
decision was made to present the Tables as an attachment.  565 
References 566 
Antibiotics 2020, 9, x FOR PEER REVIEW 14 of 16 
1. World Health Organization (WHO). Antibiotic resistance. 2008. Available online: 567 
https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance (accessed on 20 August 2018). 568 
2. World Health Organization (WHO). Global action plan on antimicrobial resistance. 2015, 8–9. 569 
https://www.who.int/antimicrobial-resistance/publications/global-action-plan/en/ (accessed on 20 570 
September 2018). 571 
3. Fosberg, K.J.; Reyes, A.; Wang, B.; Selleck, E.M.; Sommer, M.O.A.; Danta, G. The shared antibiotic 572 
resistome of soil bacteria and human pathogens. Science 2012, 337, 1107–1111.  573 
4. Spoor, L.E.; McAdam, P.R.; Weinert, L.A.; Rambaut, A.; Hasman, H.; Aarestrup, F.M., Kearns, A.M.; 574 
Larsen, A.R.; Skov, R.L.; Fitzgerald, J.R. Livestock origin for a human pandemic clone of community 575 
associated methicillin-resistant Staphylococcus aureus. MBio 2012, 4(4), 1–6.  576 
5. Ward, M.J.; Gibbons, C.L.; McAdam, P.R.; van Bunnik, B.A.D.; Girvan, E.K.; Edwards, G.F.; Fitzgerald, 577 
J.R.; Woolhouse M.E.J. Time-scaled evolutionary analysis of the transmission and antibiotic resistance 578 
dynamics of Staphylococcus aureus CC398. Appl. Environ. Microbiol. 2014, 80(23), 7275–7282.  579 
6. Mather, A.E.; Reid, S.W.J.; Maskell, D.J.; Parkhill, J.; Fookes, M.C.; Harris, S.R.; Brown, D.J.; Coia, J.E.; 580 
Mulvey, M.R.; Gilmour, M.W.; Petrovska, L.; de Pinna, E.; Kuroda, M.; Akiba, M.; Izumiya, H.; Connor, 581 
T.R.; Suchard, M.A.; Lemey, P.; Mellor, D.J.; Haydon, D.T.; Thomson, N.R. Distinguishable epidemics of 582 
multidrug-resistant Salmonella Typhimurium DT104 in different hosts. Science 2013, 341(6), 1514–1517.  583 
7. Chantziaras, I.; Boyen, F; Callens, B.; Dewulf, J. Correlation between veterinary antimicrobial use and 584 
antimicrobial resistance in food-producing animals: A report on seven countries. J. Antimicrob. Chemother. 585 
2014, 69(3), 827–34.  586 
8. Van den Bogaard, A.E.; London, N.; Driessen, C.; Stobberingh, E.E. Antibiotic resistance of faecal 587 
Escherichia coli in poultry, poultry farmers and poultry slaughterers. J. Antimicrob. Chemother. 2001, 47(6), 588 
763–771.  589 
9. Aslam, B.; Wang, W.; Arshad, M.; Khurshid, M.; Muzammil, S.; Rasool, M.; Nisar, M. A.; Alvi, R. F.; 590 
Aslam, M. A.; Qamar, M. U.; Salamat, M.; Baloch, Z. Antibiotic resistance: a rundown of a global crisis. 591 
Infect Drug Resist. 2018, 11, 1645-1658.  592 
10. Ansari, F.; Gray, K.; Nathwani, D.; Phillips, G.; Ogston, S.; Ramsay, C.; Davey, P. Outcomes of an 593 
intervention to improve hospital antibiotic prescribing: interrupted time series with segmented 594 
regression analysis. J. Antimicrob. Chemother. 2003, 52, 842e8. 595 
11. Carling, P.; Fung, T.; Killion, A.; Terrin, N.; Barza, M. Favorable impact of a multidisciplinary antibiotic 596 
management program conducted during 7 years. Infect Control Hosp. Epidemiol. 2003, 24, 699e706. 597 
12. Ruttimann, S.; Keck, B.; Hartmeier, C.; Maetzel, A.; Bucher, H.C. Long-term antibiotic cost savings from a 598 
comprehensive intervention program in a medical department of a university-affiliated teaching hospital. 599 
Clin. Infect. Dis. 2004, 38, 348e56. 600 
13. Dellit, T.H.; Owens, R.C.; McGowan, J.E.; Gerding, D.N.; Weinstein, R.A.; Burke, J.P.; Huskins, W.C.; 601 
Paterson, D.L.; Fishman, N.O.; Carpenter, C.F.; Brennan, P.J.; Billeter, M.; Hooton, T.M. Infectious 602 
Diseases Society of America and the Society for Healthcare Epidemiology of America guidelines for 603 
developing an institutional program to enhance antimicrobial stewardship. Clin. Infect. Dis. 2007, 44(2), 604 
159-77. 605 
14. Davey, P.; Brown, E.; Charani, E.; Fenelon, L.; Gould, I.M.; Holmes, A.; Ramsay, C.R.; Wiffen, P.J.; Wilcox, 606 
M. Interventions to improve antibiotic prescribing practices for hospital inpatients. The Cochrane database 607 
of systematic reviews 2017, Feb 9, 2:Cd003543.  608 
15. Centers for Disease Control (CDC). Core Elements of Hospital Antibiotic Stewardship Programs. Atlanta, 609 
GA: US Department of Health and Human Services, CDC. 2014. Available at 610 
http://www.cdc.gov/getsmart/healthcare/ implementation/core-elements.html. (accessed 10 May 2019). 611 
16. Karanika, S.; Paudel, S.; Grigoras, C.; Kalbasi, A.; Mylonakis, E. Systematic Review and Meta-analysis of 612 
Clinical and Economic Outcomes from the Implementation of Hospital-Based Antimicrobial Stewardship 613 
Programs. Antimicrob. Agents Chemother 2016, 60(8), 4840-52. 614 
17. Baur, D.; Gladstone, B.P.; Burkert, F.; Carrara, E.; Foschi, F.; Dobele, S.; Tacconelli, E. Effect of antibiotic 615 
stewardship on the incidence of infection and colonisation with antibiotic-resistant bacteria and 616 
Clostridium difficile infection: a systematic review and meta-analysis. The Lancet Infectious diseases 2017, 617 
17(9), 990-1001. 618 
Antibiotics 2020, 9, x FOR PEER REVIEW 15 of 16 
18. World Health Organization (WHO). WHO global strategy for containment of antimicrobial resistance. 619 
Available online: http://www.who.int/csr/resources/publications/drugresist/en/EGlobal_Strat.pdf 620 
(accessed 4 April 2019). 621 
19. Tseng, S.; Lee, C.; Lin, T.; Chang, S. Combating antimicrobial resistance: Antimicrobial stewardship 622 
program in Taiwan. J Microbiol Immunol Infect 2012, 45(2), 79–89.  623 
20. Ogaji, I.; Odumosu, I.; Ngwuluka,; Onoja, V. Availability of veterinary pharmaceuticals and the role of 624 
pharmacists in health-care delivery services to animal patients in Plateau State. Niger. J. Pharm. Sci. 2010, 9, 625 
66-72. 626 
21. Kingsley, P. Inscrutable medicines and marginal markets: tackling substandard veterinary drugs in 627 
Nigeria. Pastor Res Policy Pract 2015, 5, 1–13. 628 
22. National Agency for Food and Drug Administration and Control (NAFDAC). Available online: 629 
https://www.nafdac.gov.ng/veterinary-products/ (accessed 4 July 2020). 630 
23. Federal Ministry of Agriculture and Rural Development, Environment and Health. National Action Plan 631 
for Antimicrobial Resistance 2017-2022. 2017, p.13-14. Available online: 632 
https://ncdc.gov.ng/themes/common/docs/protocols/77_1511368219.pdf (accessed 4 September 2018). 633 
24. John, F.P. Antimicrobial use in food and companion animals. Anim Heal Res Rev 2008, 9(2), 127–33.  634 
25. Kariuki, S.; Dougan, G. Antibacterial resistance in sub-Saharan Africa: An underestimated emergency. 635 
Ann N Y Acad Sci 2014, 14, 1323. 636 
26. Speksnijder, D.C.; Jaarsma, D.A.C.; Verheij, T.J.M.; Wagenaar, J.A. Attitudes and perceptions of Dutch 637 
veterinarians on their role in the reduction of antimicrobial use in farm animals. Prev Vet Med 2015, 121(3-638 
4), 365–373.  639 
27. Coyne, L.A.; Latham, S.M.; Dawson, S.; Donald, I.J.; Pearson, R.B.; Smith, R.F.; Williams, N.J.; Pinchbeck, 640 
G.L. Antimicrobial use practices, attitudes and responsibilities in UK farm animal veterinary surgeons. 641 
Prev Vet Med 2018, 161, 115–126.  642 
28. Id, J.M.N.; Zhuo, A.; Govendir, M.; Rowbotham, S.J.; Labbate, M.; Degeling, C.; Gilbert, G.L.; Dominey-643 
Howes, D.; Ward, M.P. Factors influencing the behaviour and perceptions of Australian veterinarians 644 
towards antibiotic use and antimicrobial resistance. PLoS One 2019  645 
29. Schneider, S.; Salm, F.; Vincze, S.; Moeser, A.; Petruschke, I.; Schmücker, K.; Ludwig, N.; Hanke, R.; 646 
Schröder, C.; Gropmann, A.; Behnke, M.; Lübke-Becker, A.; Wieler, L.H.; Hagel, S.; Pletz, M.W.; 647 
Gensichen, J.; Gastmeier, P.; RAI Study Group. Perceptions and attitudes regarding antibiotic resistance 648 
in Germany: a cross-sectoral survey amongst physicians, veterinarians, farmers and the general public. J 649 
Antimicrob Chemother 2018, 1984–8.  650 
30. Anyanwu, M.U.; Kolade, O.A. Veterinarians’ Perception, Knowledge and Practices of Antibiotic 651 
Stewardship in Enugu State Southeast, Nigeria. Notale Sci Biol 2018, 9(3), 321–31.  652 
31. Odetokun, I. A.; Akpabio, U.; Alhaji, N. B.; Biobaku, K. T.; Oloso, N. O.; Ghali-Mohammed, I.; Biobaku, A. 653 
J.; Adetunji, V. O.; Fasina, F. O. Knowledge of Antimicrobial Resistance among Veterinary Students and 654 
Their Personal Antibiotic Use Practices: A National Cross-Sectional Survey. Antibiotics (Basel, 655 
Switzerland), 2019, 8(4), 243.  656 
32. Dyar, O.J.; Hills, H.; Seitz, L.T.; Perry, A.; Ashiruredope, D. Assessing the Knowledge, Attitudes and 657 
Behaviors of Human and Animal Health Students towards Antibiotic Use and Resistance: A Pilot Cross-658 
Sectional Study in the UK. Antibiotics 2018, 7, 10.  659 
33. Seymour, E.H.; Jones, G.M.; McGilliard, M.L. Persistence of Residues in Milk Following Antibiotic 660 
Treatment of Dairy Cattle. J Dairy Sci. 1988, 71(8), 2292-2296.  661 
34. Kang'ethe, E.K.; Aboge, G.O.; Arimi, S.M.; Kanja, L.W.; Omore, A.O.; McDermott, J.J. Investigation of the 662 
risk of consuming marketed milk with antimicrobial residues in Kenya. Food Control 2005, 16(4), 349-355. 663 
35. Dewdney, J.M.; Maes, L.; Raynaud, J.P.; Blanc, F.; Scheid, J.P.; Jackson, T.; Lens, S.; Verschueren, C. Risk 664 
assessment of antibiotic residues of β-lactams and macrolides in food products with regard to their 665 
immuno-allergic potential. Food Chem Toxicol 1991, 29(7), 477-483. 666 
36. Vázquez‐Moreno, L.; Bermúdez, M.C.; Languré, A.A.; Higuera‐Ciapara, I.; Díaz De Aguayo, M.; Flores, E. 667 
Antibiotic Residues and Drug Resistant Bacteria in Beef, and Chicken Tissues. J. Food Sci. 1990, 55(3), 632-668 
634. 669 
37. Pena, A.; Serrano, C.; Réu, C.; Baeta, L.; Calderón, V.; Silveira, I.; Sousa, J.C.; Peixe, L. Antibiotic residues 670 
in edible tissues and antibiotic resistance of faecal Escherichia coli in pigs from Portugal. Food Addit 671 
Contam A 2007, 21(8), 749-755.  672 
Antibiotics 2020, 9, x FOR PEER REVIEW 16 of 16 
38. Bokma, J.; Dewulf, J.; Deprez, P.; Pardon, B. Risk factors for antimicrobial use in food-producing animals: 673 
disease prevention and socio-economic factors as the main drivers? VLAAMS DIERGEN TIJDS 2018, 674 
87(4), 188-200. 675 
39. Wierup, M. The control of microbial diseases in animals: alternatives to the use of antibiotics. Int. J. 676 
Antimicrob. Agents 2000, 14(4), 315-319. 677 
40. Robinson, T.P.; Bu, D.P.; Carrique-Mas, J.; Fèvre, E.M. Antibiotic resistance: mitigation opportunities in 678 
livestock sector development. Cambridge University Press 2017, 11(1), 1-3.  679 
41. Finley, R.L.; Collignon, P.; Larsson, D.G.J.; McEwen, S.A.; Li, X.; Gaze, W.H.; Reid-Smith, R.; Timinouni, 680 
M.; Graham, D.W.; Topp, E. The Scourge of Antibiotic Resistance: The Important Role of the 681 
Environment. Clin. Infect. Dis. 2013, 57(5), 704–710.  682 
42. Manyi-Loh, C.; Mamphweli, S.; Meyer, E.; Okoh, A. Antibiotic Use in Agriculture and Its Consequential 683 
Resistance in Environmental Sources: Potential Public Health Implications. Molecules 2018, 23, 795;  684 
43. European Medicines Agency (EMA) and European Food Safety Authority (EFSA). EMA and EFSA Joint 685 
Scientific Opinion on measures to reduce the need to use antimicrobial agents in animal husbandry in the 686 
European Union, and the resulting impacts on food safety (RONAFA). [EMA/CVMP/570771/2015]. EFSA 687 
Journal 2017, 15(1), e04666.  688 
44. World Health Organization (WHO). Step-by-step approach for development and implementation of 689 
hospital antibiotic policy and standard treatment guidelines. 2011, pp. 21-24. 690 
45. De Briyne, N.; Atkinson, J.; Pokludová, L.; Borriello, S.P.; Price, S. Factors influencing antibiotic 691 
prescribing habits and use of sensitivity testing amongst veterinarians in Europe. Vet Rec 2013, 173(19), 692 
475.  693 
46. Leekha, S.; Terrell, C.L.; Edson, R.S. General principles of antimicrobial therapy. Mayo Clin Proc 2011, 694 
86(2), 156–67.  695 
47. Beović, B. Emperic Antibiotic Therapy [Internet]. European Society of Clinical Microbiology and 696 
Infectious Diseases. 2019. Available online: http://esgap.escmid.org/?page_id=389 (accessed 7 July 2020). 697 
48. Aliu, Y.O. Nigerian Veterinary formulary In: handbook of essential veterinary drugs, biologics, and 698 
chemicals, 1st ed.; Editor Aliu Y.O., 2007.  699 
49. Luseba, D. Review of the policy, regulatory & administrative framework for delivery of livestock health 700 
products and services in West and Central Africa. GALVmed. 2015.  701 
50. The World Bank In Nigeria [Internet]. 2019. Available online: 702 
https://www.worldbank.org/en/country/nigeria/overview (accessed 4 July 2019). 703 
51. Lwanga, S.; Lemeshow, S. Sample Size Determination in Health Studies: A Practical Manual. [Internet]. 704 
1st ed. Geneva: World Health Organization; 1991. Available online: 705 
https://apps.who.int/iris/bitstream/handle/10665/40062/9241544058_%28p1-706 
p22%29.pdf?sequence=1&isAllowed=y (accessed 8 December 2018). 707 
52. Pedersen, M.J.; Nielsen, C.V. Improving survey response rates in online panels: effects of low-cost 708 
incentives and cost-free text appeal interventions. Social Science Computer Review 2016, 34(2), 229-243.  709 
 
© 2020 by the authors. Submitted for possible open access publication under the terms 
and conditions of the Creative Commons Attribution (CC BY) license 
(http://creativecommons.org/licenses/by/4.0/). 
 710 
